Ideally, one would like to operate in a region where the variability of insertion loss with electric field is minimal.
One may be able to reduce the insertion loss by choosing the right bias configuration, as will be demonstrated in this work.
II. DESIGN
The filters were designed with edge coupled half wavelength resonators for 4% bandwidth for the passband frequency range between 18.6 and 19.4 GHz. The filters were designed with 300 nm tunable ferroelectric thin films. The design of the 2 pole filters has been described else-
where.16,7l The filter was optimized using Sonnet em ® tools.
[8] The geometry of the two pole filter is shown in Fig. 1 . The filter has radial bias stubs for dc biasing of each resonator section. The input and output microstrip lines were biased using custom made bias stubs.
[9] Although were applied up to +400V, with minimal power consumption. As can be seen in Fig. 1 , the smallest spacing is between the input and output coupled sections.
The maximum electric field will be across these two coupled sections compared to the coupled sections between the resonators. Swept frequency scattering parameter measurements were performed using an HP8510C automatic network analyzer (ANA).
IV. RESULTS
The swept frequency scattering parameter measurements performed on one of the gold/BSTO/LAO based K-band microstrip bandpass filter is shown in Fig. 2 . The measurements were performed at room tempera-
ture with no bias. The minimum insertion loss of the filter has a minimum of 6.9 dB, which is primarily due to the higher loss tangent (tan_5) in BSTO thin films in the range of 0.01-0.1 at room temperature.
[ 
V. DISCUSSIONS
A critical finding from this work, one which we believe will have an impact on the use of ferroelectric thin films in tunable filters is that the sensitivity parameter remains almost the same for each sample, irrespec- Figure 7 shows the frequency shift versus Epe _ for two different samples. Remarkably, the sensitivity parameter remains very much the same at low fields below 20 kV/cm for the three different bias configurations defined earlier in this paper.
This is a significant result since evaluation of the ferroelectric materials can be accomplished using the sensitivity parameter and the loss parameter, when used in tunable microstrip filters. Ideally, a ferroelectric material should yield a low loss parameter and a high sensitive parameter, for highly reliable tunable filters. As shown in Fig. 7 , the sensitivity parameter of sample 1 is higher than that of sample 2. For the practical applicability of these filters, the manufacturers should
give the typical values of low field (<=20 kV/cm) and high field (>20kV/cm) sensitivity parameters, and loss parameters. In addition, the typical electric field or bias voltage dependence of the important parameters such as the center frequency, minimum insertion loss in the passband, return loss, the passband ripple, and bandwidth of the filter will allow the users to choose the optimum filter's response based on the design requirements.
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